As part of our study in the chemistry of com pounds containing nitrogen and sulphur and the reactivity of their complexes we report here on the interaction of the square planar bis(phenyldithiocarbazato)cobalt(II) complex with different nitrogen, phosphorus, and oxygen ligands.
We em barked on the study of these compounds for two reasons: first because complexes of dithiocarbazic acid have drawn considerable attention in re cent years [1] owing to the biological activities exhi bited by some of them ; our second purpose is to examine the behaviour of bis(phenyldithiocarbazato)cobalt(II) which is one of the few examples of a stable planar cobalt(II) complex with a CoS4 chrom ophore [2] .
Two m odes of chelation are known for dithiocarbazates, the NS bonded (I) and SS bonded (II) [1] , A correlation betw een the mode of coordination and the substituents on the nitrogen atoms has been made [3] .
The ligands of the type (III) have SS coordination to the m etal and in this respect resemble dithiocarbamates and dithiophosphates, whereas ligands of the types (IV) and (V) have mostly NS coordination.
On the basis of infared spectra the SS chelation mode is proposed for bis(phenyldithiocarbazato)cobalt(II) [2] 
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Results and Discussion
Addition of donor ligands to the green alcoholic solution of bis(phenyldithiocarbazato)cobalt(II) is accompanied in all cases with a change in colour from green to brown.
Phosphane m ixed ligand com plexes
The interaction of aqueous ethanolic solutions of bis(phenyldithiocarbazato)cobalt(II) with methylene chloride solutions of the phosphanes yields the corre sponding brown mixed ligand complexes. These phos phanes are: triphenylphosphane (tpp), bis(diphenylphosphino)m ethane (dpm ), bis(diphenylphosphino)ethane (dpe), bis(diphenylphosphino)propane (dpp), and bis(diphenylphosphino)butane (dpb). The isolated compounds are tabulated together with other mixed ligand complexes in Table I . The complexes are m oderately soluble in polar sol vents, but easily soluble in dimethylsulphoxide, DM SO, in which molecular conductivities are m eas ured.
The m olar conductance values of these mix ed ligands complexes are in the range 32-43 £?-1cm2m ol_1 in DM SO. These values are lower than those expected for a univalent electrolyte (values in the range 50-70 ß -1cm2m ol-1 are sug gested for 1:1 electrolyte in DMSO [4] ).
The conductivity of the complexes may be attri buted to a partial solvation in DMSO according to the equation:
where pdtc = p h N H N H C S S ', phos = phosphane, and n = 1 in the case of bidentate phosphanes and n = 2 in the case of triphenylphosphane.
Neutral complexes forming cationic species upon dissolution in coordinating solvents have also been published by other workers [5] ,
The mixed ligand complex with bis(diphenylphosphino)m ethane is exceptional in having a conduct ance value (55 £?-1 cm2m ole-1) which is in the range of 1:1 electrolytes. This may indicate a complete shift of the equilibrium in the above equation towards the formation of the ions at the right side of the equa tion.
Amine mixed ligand complexes
The amine mixed ligand complexes are form ed by the addition of an alcoholic solution of excess amine to an alcoholic solution of bis(phenyldithiocarbazato)cobalt (II). o-Phenanthroline was added to the cobalt(II) complex in the molar ratio 1:1, how ever a 1:2 complex is isolated. In all cases a brown product is obtained.
Like the phosphane mixed complexes these com plexes are m oderately soluble in common organic solvents and freely soluble in DMSO.
We have also tried to prepare the corresponding mixed complexes with pyridine and piperidine; how ever the prodcuts obtained were of uncertain nature and were not studied further.
The amine mixed complexes have high conduct ance values in DMSO in the range 62 to 67 ß _1cm2m ole_1 which may indicate the presence of ion pairs in DMSO solutions and probably in the solid state, [Co(pdtc)(amine)"(DM SOm]'"pdtc_, where n -2 and m = 2 in the case of triethylam ine (tea), apicoline (a-pic), quinoline (quin), and o-phenanthroline (o-phen); n = 4 and m = o in case of ß-picoline (y3-pic).
Oxygen donors mixed ligand complexes
C o(pdtc) 2 • n-BuOH and C o(pdtc)2(paa) 2 complex es represent this class of compounds (paa = phenylacetamide). These two complexes show low conduct ance values in DMSO which may also account for the partial solvation of these complexes in this solvent.
Electronic spectra
The solution spectra of the mixed ligand complex es in methylene chloride are typical of pseudooctahedral complexes.
A band displaying a marked broadening is ob served in all the complexes around 20.000 cm-1. This may be assigned to the 4T lg(p) <-4Tig transition in admixture with spin forbidden transitions [6 ] .
A num ber of bands appear in the range 31,745-40,000 cm -1 which may be due to the inter nal ligand transitions.
Infrared spectra
The v(CSS) band in the mixed ligand complexes show a splitting of about 20 cm -1. This splitting is characteristic of NS bonded dithiocarbazato com plexes [2 ] .
The complexes exhibit further a noticeable weakening, in most cases even disappearance, of the v(NH) band com pare with a sharp band at 3320 cm-1 in bis(phenyldithiocarbazato)cobalt(II). This sug gests again the coordination through S and N in the mixed complexes upon adduct form ation.
M etal-sulphur stretching frequencies usually lie in the range 480-210 cm -1 [5] . Thus a band that ap pears at about 370 cm -1 in the infrared spectra of some of the mixed ligand complexes (compunds 1 , 8 , 10) may be attributed to a v(C -S) stretching vibra tion.
The characteristic infrared bands of the ligand phenylhydrazinium phenyldithiocarbazate, the com plex bis(phenyldithiocarbazato)cobalt(II), and the mixed ligand complexes are give in Table II .
M icrobiological screening
Tests are directed towards both bacteria and fun gi. The bacteria and fungi tested are Bacillus m egatherium , Staphylococcus albus, Candida albi cans, and Aspergillus flavus. The culture media used are nutrient agar (N. A .) media supplem ented with one gram yeast/litre. A final concentration of 5% of the tested complexes in sterile polyethylene glycol is used. The antimicrobial activity of each com pound is evaluated by the classical filter paper disc technique
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It is clear from the biological screening data of some selected complexes (Table III) that the pre pared mixed ligand complexes are found to have more fungicidal activity than the parent bis(phenyldithiocarbazato)cobalt(II) except for com pound 10 which is resistant to both Candida albicans and Aspergillus flavus. M oreover, the complexes excert a stronger antibacterial activity than the parent com plex except compound 2 and 4 which are resistant to staphylococcus albus.
Experimental
All the chemicals used were of analytical grade. The electronic spectra were recorded by a Cary 219 Varian spectrophotom eter and the infrared spectra were recorded in KBr pellets by means of a Perkin Elm er 599 B spectrophotom eter. The conductivity in DM SO solutions was measured with a YSI 31 conductance bridge. Bis(phenyldithiocarbazato)cobalt(II) was prepared as reported in the literature [2] from the reaction of an aqueous ethanolic solution of phenylhydrazinium-phenyldithiocarbazate with an aqueous solution of hydrated cobalt chloride. All the mixed ligand complexes were prepared as follows: A calculated am ount of bis(phenyldithiocarbazato)cobalt(II) was first dissolved in ethanol. To this solution the respective ligand was added in the ratio cobalt(II) complex: ligand 1:1 in the case of bidentate ligands and 1 :2 in the case of monodentate ligands. The amine ligands were added in excess, except for o-phen which was added in 1 :1 molar ratio.
The solution mixtures were refluxed for about one hour. The volume of the solution was reduced to one third of its original volume by evaporation when pre cipitation of brown products occurred. The complex es were filtered, washed with little alcohol, and dried in vacuo over P2O 5.
